Context. Due to their relation to massive stars, long-duration gamma-ray bursts (GRBs) allow pinpointing star formation in galaxies independently of redshift, dust obscuration, or galaxy mass/size, thus providing a unique tool to investigate the star-formation history over cosmic time. Aims. About half of the optical afterglows of long-duration GRBs are missed due to dust extinction, and are primarily located in the most massive GRB hosts. In order to understand this bias it is important to investigate the amount of obscured star-formation in these GRB host galaxies. Methods. Radio emission of galaxies correlates with star-formation, but does not suffer extinction as do the optical star-formation estimators. We selected 11 GRB host galaxies with either large stellar mass or large UV-/optical-based star-formation rates (SFRs) and obtained radio observations of these with the Australia Telescope Compact Array and the Karl Jansky Very Large Array. Results. Despite intentionally selecting GRB hosts with expected high SFRs, we do not find any star-formation-related radio emission in any of our targets. Our upper limit for GRB 100621A implies that the earlier reported radio detection was due to afterglow emission. We do detect radio emission from the position of GRB 020819B, but argue that it is in large parts, if not all, due to afterglow contamination. Conclusions. Half of our sample has radio-derived SFR limits which are only a factor 2-3 above the optically measured SFRs. This supports other recent studies that the majority of star formation in GRB hosts is not obscured by dust.
Introduction
Gamma-Ray Bursts (GRBs) are short flashes of highenergy photons that, for the brief moment of their existence, are the brightest sources in the γ-ray sky. Present technology is able to detect ≈3 GRBs per day, out to the most distant corners of the Universe. Not surprisingly, GRBs have been established as a new observational tool for Send offprint requests to: J. Greiner, jcg@mpe.mpg.de Based on observations collected with ATCA under ID C2718, and at VLA under ID 13B-017. stellar astrophysics, relativistic hydrodynamics, black hole formation, cosmology, gravitational-wave astronomy as well as cosmic-ray physics and neutrino astronomy.
Two GRB populations exist (long/short). Although their formation mechanisms differ, at their essence lies the formation of stellar-mass black holes with an accretion disk. Optical spectroscopy has conclusively linked longduration GRBs with supernovae, whose parameters (expansion velocities, energetics) suggest the explosion of a massive star Stanek et al., 2003) . Thus, long-duration GRBs (LGRBs) have recently been used to infer the cosmic evolution of the star formation rate density 1 a) The coordinates refer to the best-known afterglow position. b) On-source integration time per snapshot within the time interval given in the previous column.
c) The afterglow position of GRB 030528 has been re-measured on the original data of the first-epoch NTT data (Greiner et al., 2003) , leading to a substantial reduction of the positional error.
(SFRD) up to z ∼ 9 (Butler et al., 2010; Elliott et al., 2012; Kistler et al., 2009; Robertson & Ellis, 2012; Yüksel et al., 2008) . This was possible because GRBs enable identification of galaxies essentially independently of their luminosity or dust obscuration, thus singling out a population that is a potentially powerful probe of galaxy evolution. Hence, galaxies hosting LGRBs (GRBHs) may help fill the incompleteness in the SFRD, especially at the very high redshifts not easily explored with current techniques. However, in order to use the GRB rate to trace SFRD in the distant Universe, we need to understand first the relation at low redshift, and to investigate any possible biases that could distort the proportionality between the two. Since bright highly star-forming dusty sub-millimetre galaxies (SMGs) contribute 20% to the SFRD at z ∼ 2-4 , one might expect a similar fraction of GRBs to explode in such galaxies. Indeed, the analysis of GRBs along dusty sightlines, possible since just a few years by systematic nearinfrared observations of GRB afterglows, has revealed a class of GRBH which are substantially more massive, more evolved, more metal-rich and with higher SFRs Hunt et al., 2011; Rossi et al., 2012; Perley et al., 2015) than previous samples of hosts of optically bright afterglows (e.g. Savaglio et al., 2009) . We emphasize that these GRBHs are apparently typical hosts at z > ∼ 1 -they are not extreme examples, as a significant fraction (≈20-30%, see below) of GRB hosts are massive. Indeed, recent new statistical samples of GRBs and their host galaxies imply that the predominance of low-metallicity, low-mass GRBHs (Le Floc'h et al., 2003) which are common at z ∼ 1 results from a variety of selection effects (Hjorth et al., 2012; Elliott et al., 2012; Perley et al., 2016) . Also, metal-rich hosts are being found at high redshift (Savaglio et al., 2012) . However, this does not imply that there is no metallicity dependence. At small redshifts, z ∼ < 1.5, the overall GRB host population shows a significant aversion to massive systems . This preference for low-mass hosts at lower redshifts could be explained by a strong metallicity dependence. Based on the mass-metallicity relation, Perley et al. (2015) suggest a cut-off around solar metallicity, while spatially-resolved spectroscopy hints at an even lower metallicity cut-off . Above redshift of around three, this metallicity-dependence is not noticable anymore , since the mean metallicity everywhere is well below solar. Thus, the true host galaxy population over cosmic time is more varied (as might be expected given the evolution of the Universe), and there are indications that high-mass, metal-rich, dusty galaxies undergoing major bursts of star formation may contribute to the GRBH population, in particular at redshifts > 2.
Observations at radio wavelengths provide an unobscured view on star-forming galaxies by tracking directly the recent ( < ∼ 100 Myr) star formation activity through synchrotron radiation emitted by relativistic electrons ac-celerated in supernova remnants (Condon, 1992) . Even though the radio emission accounts for only a fraction of the bolometric luminosity of a galaxy, it is well correlated with the infrared emission, a good tracer of both the SFR and the dust mass in a galaxy.
Nearly 100 GRBHs of long-duration GRBs have so far been observed at radio frequencies, down to limits between 3-500 µJy (Berger et al., 2003; Micha lowski et al., 2009; Stanway et al., 2010; Hatsukade et al., 2012; Micha lowski et al., 2012; Perley, 2012; Micha lowski et al., 2014; Stanway et al., 2014; Micha lowski et al., 2015; Perley et al., 2015; Stanway et al., 2015) , but only 15 detections have been reported so far (not counting afterglows; Table 3 ). The early discovery of a few hosts at z ∼ 1 − 2 with fluxes in the 100-200 µJy level had initially spurred interest, but these turned out to be exceptions, with only two hosts added over the last 5-8 years (with the exception of z < 0.1 objects), namely that of GRB 080207 (Perley, 2012) (which is an exceptionally dusty system, even compared with other massive, dusty GRB hosts, e.g. Hunt et al. (2011); Svensson et al. (2012) ), and GRB 021211 (Micha lowski et al., 2012) .
Assuming that the radio emission is powered by starbursts, these first detections implied a SFR of order a few hundred to thousand solar masses per year. This has been considered plausible, as the SFR-determination based on UV/optical data would only measure the unobscured SFR. The difference in UV-to-radio SFR amounts to two orders of magnitude in some cases.
However, the many radio upper limits collected over the last years have resulted in radio-SFR limits of order 10-50 M /yr, with some reaching close to the optically determined SFR values of order a few M /yr. Particularly worth mentioning is a systematic search for radio emission at z < 1 GRBHs, where the mean 3σ flux limit of the 19 undetected hosts is < 35µJy, corresponding to an average SFR < 15 M /yr (Micha lowski et al., 2012) . This suggests that the GRB host population is similar to other star-forming galaxies at z > ∼ 1.
In order to test the idea that a significant fraction of star formation in high-z GRBHs is obscured, we have undertaken radio continuum observations of GRBHs in the redshift range 0.5-2. Here, we report on our observations of 12 GRB host galaxies with the Australia Telescope Compact Array (ATCA) and the Karl G. Jansky Very Large Array (VLA). Section 2 describes the selection criteria imposed on the sample of GRB hosts, as well as the observations. Section 3 reports the results, and Sect. 4 our best interpretation.
Selection criteria, observations and data analysis
We concentrate exclusively on hosts of long-duration GRBs which have (i) a well detected host galaxy; (ii) an accurately determined redshift; (iii) either multi-band photometry to at least the rest-frame NIR such that the galaxy mass (and SFR, if rest-frame UV was covered) have been measured; or (iv) optical spectroscopy of the host galaxy which allowed us to estimate the SFR from emission line diagnostics.
From this sample of 84 GRBHs (at the time of proposal writing), we selected those which either have a measured (extinction-corrected) UV/optical-SFR >15 M /yr (non-detections were ignored), or a high stellar mass of log(M/M )>10.5 (again non-detections ignored, but mass measurements from different methods allowed), and are at sufficiently small redshifts to ensure flux detection. The mass cut implies that using the mean specific SFR of GRBHs of 0.4 Gyr −1 at z ≈ 1, the total SFR should be above 15 M /yr. This results in a total of 11 targets, at redshifts 0.5 < z < 2.6. We observed 6 of these targets with ATCA, and another 5 sources with the VLA, with details given in Table 1. GRB 050219 was not among the originally proposed targets (neither SFR nor mass was known at the time of observation), but was observed as an ATCA filler target in otherwise not usable gaps. It is thus listed separately at the end of Table 1 which lists the details of all our 12 observed sources.
ATCA
We have chosen to observe with ATCA at 2.1 GHz since the sensitivity is 20%/70% better than the frequently used 5.5/9 GHz frequencies (see the 2012 version of the CABB sensitivity calculator), and the negative spectral slope results in brighter emission. With this choice, we accept the fact that the synthesized beam is a factor 3-5 worse, but note that most of the GRB hosts of our sample have an extent smaller than about 1 arcsec; exceptions are GRBs 020819B, 050219, 080319C and 110918A (see below).
With ATCA, we observed our sample sources (project C2718; PI: J. Greiner) with the CFB 1M-0.5K mode in the 6 km configuration, providing 2048 channels per 2048 MHz continuum IF (1 MHz resolution) and 2048 channels per 1 MHz zoom band (0.5 kHz resolution). Most sources were observed over the full range of hour angles to ensure good uv-plane coverage.
Data analysis was done using the standard software package MIRIAD (Sault et al., 1995) , applying appropriate bandpass, phase and flux calibrations. Substantial flagging had to be applied to remove radio frequency interference (RFI), removing up to 30% of the original data. Multifrequency synthesis images were constructed using robust weighting (robust=0) and the full bandwidth between its flagged edges. The noise was determined by estimating the rms in emission-free parts of the cleaned map (using kvis).
VLA
We observed five sources at S-band in B-configuration (project 13B-017; PI: J. Greiner). The observations were performed in full polarization mode, with a total synthesized bandwidth of 2 GHz, centered at 3.0 GHz. We used standard amplitude and bandwidth calibration (observing 3C48, 3C147, or 3C295, depending on the source), and a bright nearby phase calibrator for each of the targets (see Table 1 ). We reduced the data using the Common Astronomy Software Applications package (CASA; McMullin et al. 2007 ). The noise was determined as the rms in emission-free regions in the images.
The data reduction was problematic for four reasons: (i) the phase calibrators used were not optimal for S-band in the observed configuration, with resolved structure and important closure errors; (ii) the strong radio frequency interferences (RFI), the main culprit for data flagging (see Table  2 ) except for GRB 080605 (see below); (iii) the presence of strong sources in the field that limited the dynamic range of the synthesized images (last column in Table 2 ); and (iv) significant gain variation due to variable power from geostationary satellites entering the analog signal path through the antennas' sidelobes -this affects sources in the declination range from -14.
• 5 < Decl < +5.
• 5 (e.g. Perley et al., 2015) , thus necessitating >60% data flagging for GRB 080605.
Results

Radio flux measurements
We detect only one of our targets, the nearest one, namely GRB 020819B with a measured flux F(3 GHz) = 31±8 µJy. The peak of the radio emission is at RA (2000.0) = 23:27:19.50, Decl. (2000) = +06:15:55.8, with an error of 0. 3. This is 0. 37 away from the center of the radio afterglow position (which itself has a 0. 5 error), significantly smaller than the beam size. Given the beam size of ≈2 , the radio emission is clearly associated with the GRB position.
For all our other targets, we are only able to establish upper limits, in the range of 10-60 µJy (2σ; Table 2 ).
Unfortunately, in many cases we did not reach our design sensitivity (see Table 2 ), namely 3-5 µJy which would have guaranteed that we are sensitive to SFR Radio equal to the measured UV/optical SFR. Yet, the many nondetections imply that SFR Radio is not substantially higher than the UV/optical SFR.
Radio-derived SFRs
A number of relations between star-formation and corresponding radio fluxes have been proposed, e.g. (Yun & Carilli, 2002; Bell et al., 2003; Murphy et al., 2011) , resulting in differences of order a factor of 2. At our observed radio frequencies, free-free emission is negligible, so we choose to use eq. 17 of Murphy et al. (2011) . We extrapolate fluxes from the rest-frame frequency to 1.4 GHz (as used in that equation) with a powerlaw of slope F ν ∝ ν α including proper k-correction. This leads to a relation for the radio-derived star-formation rate SFR Radio as follows:
where F ν and ν are the observer frame radio flux and frequency, z is the redshift of the GRB, and α is the spectral slope of the radio continuum emission. Table 3 . We also include in Table 3 those GRB hosts previously detected in the radio band, and for consistency use the above equation and parameters to re-compute SFR Radio .
There are some discrepancies of our SFR Radio values when compared to literature values.
-Our SFR Radio values are about 20% lower than those in , due to the different normalization factors (0.072 vs. 0.059), possibly because of some confusion in their eq. 2 of the sign of the spectral continuum slope which makes the extrapolation to 1.4 GHz wrong. In their eq. 2 the exponent of the (1+z) dependence and the sign of the exponent in the luminosity distance dependence are wrong, but the SFR Radio values in their Table 4 are computed with the correct dependencies (apart from the above normalization factor). In contrast, we reproduce the SFR Radio values of Perley et al. (2015) to within <2%, which is likely due to the different (but not specified) cosmological parameters. -The SFR Radio values of Berger et al. (2003) are reproduced within a factor of <2 (with their cosmological parameters and their usage of a spectral slope of −0.6 following Fomalont et al. 2002) . However, it is not clear how their single SFR Radio is derived from radio measurements at three different frequencies: each of these measurements would give a separate SFR Radio , and the corresponding spread also amounts to a factor of two. Thus, we consider this as (broadly) consistent, but note that their eq. 1 also has the sign of the spectral slope confused, with the luminosity distance being in units of Gpc rather than Mpc. use the same conversion prescription as Berger et al. (2003) and Yun & Carilli (2002) , so a similar comment on the spectral slope sign applies. Stanway et al. (2014) specify the cosmological parameters used, so we we can exactly reproduce their SFR Radio limits for the last 4 entries of their table 1 if we use twice Table 3 . Physical parameters of GRB host galaxies: the first block is our observed sample, the second block is taken from the literature (upper limits are only included if they are not more than a factor 100 above SFR opt . References a) are given between parenthesis except for the first block, for which these are given in the appendix, together with more extensive notes on the f )
The <53 M /yr upper limit of Hatsukade et al. (2012) is marginally consistent, if the spectral slope is flatter than -0.75. their flux error as upper limit. However, for all the other non-detected hosts we fail to reproduce their numbers with that same approach; instead, we find larger limits in proportion of the flux limits. In comparison to the conversion prescription of Murphy et al. (2011) used here, all SFR Radio limits derived with twice their flux error are about a factor 2-3 higher. This is a combination of both, the different normalization factor and the steeper slope in extrapolating to 1.4 GHz.
-We can reproduce the SFR Radio values in Hatsukade et al. (2012) except for a factor of exactly 2.0, suggesting that their upper limits are at the 1σ confidence level, not at 2σ as stated. -We can exactly reproduce the SFR Radio values in Micha lowski et al. (2012) when accounting for the different normalizations (5.52 in Bell et al. 2003 vs. 6.35 in Murphy et al. 2011 ) and cosmological parameters used. For consistency, we re-compute their values, and also adopt 2σ limits instead of their 3σ limits. Fig. 2 . Zoom-in on the image of GRB 020819B (taken from ), showing more clearly the optical emission at the GRB position (red circle), where we now detect radio flux (centered on the black cross). The offset to the center of the host galaxy is 3 . The non-detection of the host galaxy at 3 GHz is surprising.
For consistency in the interpretation below, we recompute all SFR Radio values from the literature, based on the reported radio fluxes and frequencies. For the upper limits, we assume that errors are given at 1σ, so take twice the error as the rms, if not otherwise given; thus, all upper limits reported below are at the 2σ confidence level.
Interpretation and discussion
Our prime result is the detection of radio emission at the afterglow position of GRB 020819B. In addition, we also discuss the upper limits of two other specific GRBs before summarizing the sample result and its implications.
GRB 020819B
The only clearly detected source in our sample is GRB 020819B at z=0.41. The star-formation rate implied by our radio detection is SFR Radio = 20.2±5.2 M /yr. This is consistent with the 2σ upper limit from Stanway et al. (2010) of <22.6 M /yr, re-computed as described above. Accounting for the error in our measurement, our SFR Radio is only 50% larger than the Hα-based SFR Hα = 10.2 M /yr from Levesque et al. (2010) (no error given). However, it is surprising that no radio emission is detected from the nucleus of the host galaxy itself (Fig. 2) . With its SFR Hα = 23.6 M /yr, two times larger than at the afterglow position, and similar extinction values for both locations (Levesque et al., 2010) , one would expect a flux of ≈60 µJy. Performing aperture photometry on the Jy/pixel map, we measure the total emission encompassing the host galaxy and afterglow position as 46 µJy, which results in an integrated flux from the host galaxy of 15±8 µJy. This implies a 2σ upper limit of SFR Radio < 10 M /yr for the entire host, to be compared with a host SFR Hα = 23.6 M /yr (Levesque et al., 2010 , no error given except a note of a ±5% flux error, which would transform into a SFR error of about ±1 M /yr). The substantially different radio fluxes at the GRB vs. host center despite similar optical SFR raises doubts on the association of the detected radio emission at the afterglow position with star-formation, and thus the question of possible afterglow contamination of our measurement. Fig. 3 . Radio afterglow light curve of GRB 020819B with the early data (<160 days) from Jakobsson et al. (2005) , the ATCA upper limits at 2700 days from Stanway et al. (2010) , and our VLA measurement (blue hexagon). The red dotted curve is the best-fit model from Jakobsson et al. (2005) to the early-time light curve (the very early data points until 10 days post-burst are explained as scintillation). The green dashed and blue solid curves are the same model, but for the correspondingly lower frequencies, which are shifted in peak time and peak flux according to the standard synchrotron fireball model Granot & Sari (2002) .
Given that our radio observation was more than 10 years after the GRB, and the radio afterglow had already declined to <35 µJy at 8.46 GHz within 150 days after the GRB (Frail & Berger, 2003) , one could dismiss this option. However, looking closer at the full radio light curve, com-piled from data from Jakobsson et al. (2005) and Stanway et al. (2010) and including our measurement (Fig. 3) , the situation is less obvious. The best-fit model of the earlytime radio data, with a decay slope of t −0.78 (Jakobsson et al., 2005) , is shown as well, compatible with the theoretically expected decay in an ISM-like environment for an electron index p = 2. Adopting the same model, but plotting the corresponding light curve at 3 GHz (blue curve in Fig. 3 ), our measurement is only 3σ above the afterglow extrapolation. There are two reasons why the model light curve is an underprediction for late times: Firstly, once the blast wave transitions to the non-relativistic case, the light curve is expected to flatten. Secondly, once the emission is not beamed anymore, also the counterjet will become visible, leading to a doubling of the flux. Given also some uncertainties in the model fitting due to the sparse early radio data and the effect of scintillation, it seems possible to associate our observed flux to either pure afterglow flux, or a combination of star-formation and afterglow contamination. The latter interpretation is also consistent with the 5.5 GHz limit obtained in Jan. 2010 (Stanway et al., 2010) which otherwise would imply an only marginally consistent spectral slope for an afterglow spectrum. We therefore adopt an upper limit on the radio-derived SFR at the GRB explosion site of SFR Radio < 20 M /yr as listed in Table  3 , and note that the limit would drop to SFR Radio < 10 M /yr if we assigned the observed flux equally to afterglow and star-formation origin.
We note in passing that the 1.2mm ALMA detection (140±30 µJy) at the position of the afterglow reported by Hatsukade et al. (2014) is by far too bright to be consistent with an afterglow interpretation, though the non-detection of the host galaxy at 1.2mm is similarly surprising: with the ALMA and our VLA observations only 12 months apart (which implies a <10% change in afterglow flux), we predict a 1.2mm GRB afterglow flux at the time of the ALMA observation of 3 µJy. Conversely, assuming that the ALMA 1.2 mm detection of the GRB site is powered by star formation allows us to roughly predict the radio flux. Unfortunately, due to widely different SED shapes the expected flux varies from > 100 µJy (models corresponding to M82 and the WR region in Michalowski et al. 2014 ) to 3 uJy (spiral Sc); see Extended Data Figure 1 in Hatsukade et al. (2014) for illustration. Hence, the ALMA detection is consistent with 10-100% of our 5 GHz flux being powered by star formation.
GRB 000210
Berger et al. (2003) reported a 2σ detection of 18±9 µJy in the host galaxy at 8.46 GHz with the VLA, corresponding to SFR Radio = 138±69 M /yr (re-computed). Our 2σ upper limit at 2.1 GHz of <32 µJy, corresponding to a SFR Radio < 80 M /yr does not provide any further support in favour or against this low-significance result.
GRB 100621A
The ATCA radio fluxes of F(5.5 GHz) = 120±32 µJy and F(9.0 GHz) = 106±42 µJy measured during 15-19 April 2011 are consistent within the errors with the flux measured within a week after the GRB which had been associated with the radio afterglow . Based on this coincidence, Stanway et al. (2014) suggested that this early radio emission was not due to the afterglow, but instead due to the host galaxy. Our upper limit at 2.1 GHz makes this interpretation very unlikely, unless the spectrum has a very unusual shape. This in turn implies that the flux measured in April 2011 was still the afterglow, not uncommon for long-duration GRBs one year after the burst. Similar 5 GHz afterglow fluxes at 1 week and 1 year after the burst were also obtained for GRB 030329 (van der Horst et al., 2005, their Fig. 1) , and are standard for those afterglows which are either particularly energetic, or expand into a high-density medium (Chandra & Frail, 2012, their Fig. 23 ). . Star-formation rates for GRB hosts measured in the radio band vs. those measured in the optical. Red symbols are from our observations, blue from the literature, where SFR opt = SFR Hα whenever available, and SFR opt = SFR UV for the rest (open circles) (see Table 3 for details).
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Little dust-obscured star formation
Our resulting upper limits for the radio-based starformation rate for GRBs 020819B, 030528, 110918A, and 100621A already suggest that the obscured star-formation in GRB hosts is at most a factor 2-3 larger than the SFR derived from optical measurements. The increasing collection of upper limits at low flux levels, in particular the many from Perley et al. (2015) , provide mounting evidence for only a small amount, if any, of dust-obscured star formation in GRB host galaxies in this redshift range. Figure 4 shows a compilation (based on Table 3 ) of the ratio of optical vs. radio-derived star-formation rates. Apart from the 5 detections at SFR Radio / SFR opt ≈ 1, there are more than a dozen upper limits suggesting SFR Radio / SFR opt < 3. This may be be explained if GRB hosts are at the beginning of a star-formation episode (Michalowski et al., 2015) , so the radio emission has not had time to build up yet, unlike Hα emission.
There have been early suggestions that GRB host galaxies show high specific star-formation rates (sSFR), e.g. Castro Ceron et al. (2006); Savaglio et al. (2009); Castro Ceron et al. (2010) . A recent compilation of GRB host galaxies with known mass and (optically determined) star-formation rates (Savaglio et al., 2015) is shown in Fig. 5 , showing that most hosts have a specific SFR larger than 0.4 / Gyr. Our sample selection was based on the idea that selecting high sSFR objects at low redshifts could enhance the detection fraction of GRB hosts in the radio band. Our low detection rate is a result of the sSFR varying substantially from host to host, and the lack of any substantial obscured star-formation even in the most massive GRB hosts. Fig. 5 . Star-formation rate vs. stellar mass for GRB hosts from Savaglio et al. (2015) , plotted in four redshift intervals: z < 0.5 (blue), 0.5 < z < 1 (green), 1 < z < 2 (red) and z > 2 (black). Red open triangles show those with previously reported radio detections. Open red diamonds denote our sample, with the red asterisk being GRB 050219, not belonging to the original sample selection. The colored lines are the main-sequence relations for each of the four redshift bins (Speagle et al., 2014) . The diagonal dashed line marks the specific SFR = 0.4 / Gyr. While high specific SFR (outside the dashed box; the three GRBs at ≈ 0.2 M /yr were reported only after we made our selection and executed the observations) suggested to be a promising selection criterion for a large radio detection probability, this is not borne out by our observations.
Conclusions
We have observed a sub-population of massive GRB hosts which had not yet been observed previously in the radio. Our observations do not add any GRB host to the known sample of radio-detected hosts. Our selection was independent of the amount of dust found in these galaxies (corresponding to a Spitzer or Herschel detection). Instead, it was intentionally biased towards hosts with either large optical star-formation rates or high masses. While there is some room for improvements of our limits with existing telescopes, the majority of GRB hosts is below the few µJy rms limit of ATCA and VLA.
Earlier papers have reported radio-derived SFRs typically at least a factor 10 higher than (dust-corrected) optically-derived SFRs, therefore concluding that the majority of star formation in GRB hosts is obscured by dust. Combining the more recent measurements in the literature with those presented here, our larger sample does not show strong evidence in favour of such an interpretation.
Instead, the radio-based star formation rates, including the best upper limits, are in general not substantially higher than those obtained with optical/UV measurements, and thus the dust-obscured star formation in GRB hosts at low redshifts (our largest redshift is 1.9) is negligible.
Our non-detections includes GRB 100621A for which Stanway et al. (2014) had claimed a host detection; our upper limit implies that their radio detection was due to afterglow emission.
We detect GRB 020819B at 4σ at 3 GHz, at about 11 years after the burst. We argue that a good fraction, if not all, is due to afterglow emission, thus adding GRB 020819B to the group of GRBs with very long-lasting detected radio afterglows, with GRB 030329 being the most prominent example (van der Horst et al., 2008) . We note that in a similar case, GRB 980425, with a radio-bright knot at the GRB position, an afterglow interpretation has been excluded . the 1. 4 UVOT-enhanced X-ray position uncertainty. Since it shows emission lines together with several absorption features at a common redshift of z=1.24, this was interpreted as the host galaxy (Fynbo et al., 2009) M /yr . Based on the Hα line, Krühler et al. (2015) derive a star-formation rate of 26
